Environmental Systems Research Institute (ESRI) Story Maps are web applications based on maps and other multimedia, which can be effectively used in soil science education. The purpose of this study was to develop an ESRI Story Map "Soil Forming Factors: Topography" for teaching an introductory soil science courses and to assess the performance of the newly developed story map using ESRI's "five principles of effective storytelling" and user responses to a quiz testing the acquired knowledge. Specific learning objectives were stated on each story map page and throughout the learning materials. Navigation of each story map page is controlled by the participant via tabs to allow the user to control the pace of the learning experience. Participants received an average score of 8.2 (out of 9 maximum points) for the quiz. The ESRI Story Map scored well for each principle of the ESRI's five principles of effective storytelling, with more than 70% of responses having an excellent rating. Additional comments suggest that participants were positive about the ESRI Story Map as a stand-alone teaching tool or in combination with PowerPoint slides. The ESRI Story Map "Soil Forming Factors: Topography" can be further improved by incorporating interactive exercises. ESRI Story Maps can be effective teaching tools in science education.
S tory maps are web applications that enable scientists, educators, and others to enhance interactive maps with text, figures, and multimedia content. Recent trends and research have highlighted the potential utility of story maps in science communication for non-expert audiences (Patterson and Bickel, 2016) , adapting new technologies in the classroom (Hong, 2014) , and engaging citizens with community issues (Santo et al., 2010) . A story map is a widely accessible "vehicle" where learners benefit by having access to interactive, real-world models and data, which is a key component of online learning (Ally, 2008) . The compactness of story maps is particularly appealing, as they are effective for communicating and visualizing complicated ideas and large amounts of information in an organized, user-friendly interface targeted to the specific audience or lesson. Teaching with story maps could enhance geo-literacy, or spatial thinking, which is expected to be a pathway to success in many science, technology, engineering, and math careers in the 21st century workforce (Kerski, 2015; National Research Council, 2005) .
The Environmental Systems Research Institute (ESRI), through their cloud-based platform ArcGIS Online, have made it possible for users of geographic information systems (GIS) to easily create and publish story maps for many environmental purposes and audiences. For example, the Global Forest Watch (2017) organization documents the trend and global distribution of forest loss, the causes of forest loss, and the potential impact forest loss has on wildlife and climate. The US Forest Service (2017) published a story map detailing the purpose, scope, and results of the 2015 forest inventory in Utah. In the example most relevant to the current research, Fraczek (2017) published an ESRI Story Map that provides a captivating geology lesson titled "Motion of Tectonic Plates." As one example of the novelty of this and other story map applications, the map illustrates the process of tectonic subduction using an interactive map of the San Andreas Fault. It is unclear the extent to which ESRI Story Maps are being used for teaching in educational institutions, and their effectiveness for delivering course material has not been evaluated by students.
As with any new technology, there are advantages and disadvantages. The biggest advantages of ESRI Story Maps are that they are interactive, collaborative and cloudbased, making them available over an internet connection without the need to download software. Story maps can also be accessed on desktop, laptop, tablet, or smart phone devices. This allows story maps to reach a large audience or be utilized by many educators and institutions. The creation process is user-friendly and requires no coding. Story maps are most often freely accessible for the user. The disadvantages of story maps are that they rely on the availability of internet access, and the scientific peer review process is not yet fully developed to ensure the educational quality of story map content. An internet search of authors or authoring institutions will show that published story maps are likely associated with reputable organizations or agencies that may require at least an internal review before publishing. However, there is no requirement of external peer review to publish a story map that may end up being used for educational purposes.
ESRI (2017) describes five principles for effective use of story maps (Table 1 ). The first principle concerns matching content of the story map with the intended audience. The second principle suggests informing the user of the rationale of location(s) in the story map at the beginning of the presentation, and saving any links that would lead the user to navigate away from the story map until the end of the presentation. The third principle requires considering the best format (e.g., scrolling or tabbed webpage) for the story being told. The fourth principle suggests tips for making interactive maps clear, concise, and visually intuitive. Finally, the fifth principle advises story map authors to strive for simplicity by reducing text and making maps more intelligible through an iterative review process before publishing.
The objectives of this study were to (1) develop an ESRI Story Map for teaching "Soil Forming Factors: Topography"; (2) assess the effectiveness of the newly developed ESRI Story Map using participant responses to a quiz; and (3) assess the quality of the newly developed ESRI Story Map using the developed assessment framework.
MaterialS and MethodS

development of the eSri Story Map "Soil Forming Factors: topography"
The objective of this story map was to introduce students to topography as one of the five soil forming factors. Elevation, slope, aspect, and landscape position are interrelated elements of topography as a soil-forming factor that have traditionally been taught using topographic maps or instruments in the field. In the story map, students were introduced to these elements via interactive web maps. Sources of the data for the ESRI Story Maps "Soil Forming Factors: Topography" are listed in Table 2 . A conceptual diagram of the ESRI Story Map development is depicted in Fig. 1 . For elevation, a 3-meter digital elevation model (DEM) was retrieved from SCDNR (ftp://ftpdata.dnr.sc.gov/ gisdata/elev/DEM). The DEM was then used to create slope (% rise) and aspect (degrees clockwise) map layers. Slope values were binned and categorized into five classes based on USDA slope classes. Aspect values were binned and categorized into eight traditional classes (e.g., northeast). A shapefile of contour lines was also derived from the DEM. The DEM, slope, and aspect map layers were uploaded to ArcGIS Online as Tile Packages and published separately as Tile Layers. A Tile Package is a simplified version of a raster map layer that enables rapid rendering, panning, and zooming in the web map interface. Publishing raster data to ArcGIS Online as an image service can provide more control over layer configuration, but requires a connection to a clientside server where the data is hosted. The contour line map layer was published to ArcGIS Online as a feature service. Each map layer was configured to the desired presentation format and published in separate web maps for each learning objective. A shapefile of points was created to mark locations with different landscape positions. These points were published in a three-dimensional web scene to provide a more visually intuitive illustration of landscape position as a soil-forming factor.
The story map was created using the Web AppBuilder in ArcGIS Online (https://storymaps.arcgis.com/en/app-list). Several story map templates are available that were designed for purposes such as tours, journals, crowdsourcing, or professional presentations. The tabbed map series template was selected because this format is similar to previously established teaching web apps (Windle et al., 2010) . Five teaching tabs, a quiz tab, and an assessment tab were created in the story map application. A US Geological Survey (USGS) topographic map, DEM, web maps of slope and aspect, and the landscape position web scene were linked and configured in teaching tabs. For teaching tabs, text, and other content were organized in a panel on the left side of the screen. Quiz and assessment forms were created in Google Forms (https://www.google.com/forms/about/), and integrated into tabs in the story map using each form's uniform resource locator web address (URL). The ESRI Story Map "Soil Forming Factors: Topography" (Fig. 2 ) was published and shared (https://arcg.is/14iaqa).
testing
The ESRI Story Maps were tested in the course entitled Soil Information Systems (FNR 2040), which is a 4-credit-hour course in the Department of Forestry and Environmental Conservation at Clemson University, Clemson, SC (Clemson University, 2016 . The class FNR 2040 is an introductory soil science course that focuses on the input, analysis, and output of soil information utilizing graphical information technologies (global positioning systems, geographic information systems, direct/remote sensing) and soil data systems (soil surveys, laboratory data, and soil data storage) (http://gis.clemson.edu/elena/ SoilsandEnvironment3.htm). The Soil Information Systems course is a required course for students pursuing majors in forestry (FOR), wildlife and fisheries biology (WFB), and environmental and natural resources (ENR). General information about the course and the students in the fall of 2017 revealed that there were 14 sophomores, 30 juniors, and 14 senior students from FOR, ENR, and WFB majors (Table 3 ). All students had laptops and cell phones (Table 3) . Only half of the students had familiarity with GIS, whereas most of them (96%) did not have any previous experience with ESRI Story Maps (Table 3) . Specifically, only 2 students out of the 58 participants indicated that they had had experience with ESRI Story Maps in GIS and Creative Inquiry courses. Students were provided with a consent form and instructions for the laboratory exercise (Fig. 3) . Objectives and tasks for each page of the ESRI Story Map "Soil Forming Factors: Topography" are provided in Table 4 . Students were asked to test the story map using stationary computer, laptop, and cell phones and compare their experience. The quiz (Table 5 ) and assessment (Table 1) were performed only on the stationary computers (Dell) provided by Clemson University to standardize testing and assessment.
reSultS and diScuSSion evaluation
The purpose of the ESRI Story Map that was developed and assessed in this study was to give participants a better understanding of topography as a soil-forming factor and to evaluate the effectiveness of the story map as a teaching tool. Quizzes were designed to assess the participants' retention of the materials presented in the story map and the average quiz score was 8.2 (out of maximum of 9) ( Table 5 ). Analysis of correct responses for each of the quiz questions revealed that students had the lowest percentage (67%) of correct responses to question no. 4 (which DEM cell size represents the highest resolution?), whereas the rest of the questions had percentages of correct responses higher than 88% (Table 6 ).
Responses to an assessment based on the ESRI five principles of effective story telling (ESRI, 2017) revealed that most students rated the story map for each of the five principles as excellent especially user experience, which received 84% of excellent ratings (Table 6 ). Students' responses to additional survey questions revealed that students rated the ESRI Story Map higher (4.53 ± 0.54) than PowerPoint slides (3.97 ± 0.79) on the same topic ( Table 7) . The students preferred the ESRI Story Map as a stand-alone tool or in combination with the PowerPoint slides (Table 7) . Students preferred to view the ESRI Story Map on their laptops (Table 7) .
At the end of the story map assessment, participants were asked to provide additional written comments regarding their experience with the story map. Overall, additional comments were positive. Positive comments praised the visual appeal and interactivity and included statements such as, "Great visuals that are clear and easy to understand and read," and "I really liked the interactive map" (Table 8) . Critical comments were focused on the amount of explanation and how it was presented, for example, "Some of the tabs had almost too much information on them," and "Paragraphs are harder to concentrate on" (Table 8 ).
Potential of eSri Story Maps for Soil Science education
Traditional tools and techniques for teaching soil science have advantages and disadvantages. Text books and lectures offer large volumes of information with useful pictures, conceptual illustrations, and tables (Hartemink and Bockheim, 2013) . The volume of information can also be considered a disadvantage of text books, however, as the information can be difficult to navigate or excessive for some courses and learning objectives (McFall, 2005) . Field trips are a staple of soil science education (Hartemink et al., 2014). Visiting or digging multiple soil pits on a field trip offers immersion in the landscape, physical exercise, and collegiality in a group learning experience (Hartemink et al., 2014 ). Yet the primary concerns associated with field trips are expenses, time, and student and instructor safety. Field trips are also geographically limited since there is a logistical limit on how many sites and soils that can be visited (Ramasundaram et al., 2005) . Laboratory exercises in soil science provide beneficial sensory immersion (e.g., seeing, touching, and smelling soils) (Hartemink et al., 2014) , but this may also be limited by time and expenses associated with collecting and storing soil samples. Paper or digital maps have long provided visual aide for soil science education, but these have traditionally been static maps that are often difficult to read and interpret. Pictures are widely used by educators and professionals in soil science (Hartemink et al., 2014; Soil Survey Staff, 2015) . Videos for soil science education are also now available over the internet (e.g., Ogg, 2013) , but difficulties remain in acquiring or developing multimedia material relevant to specific learning objectives. Narrative-based learning helps students engage in and understand soil science by linking learning objectives to a narrative (e.g., cultural or geologic history) (Hayhoe et al., 2015; Dahlstrom, 2014) . However, developing relevant and effective narratives for the interdisciplinary field of soil science remains challenging.
Teaching soil science with ESRI Story Maps also comes with advantages and disadvantages. Perhaps the primary advantage is that ESRI Story Maps can easily integrate some traditional soil teaching tools and techniques such as multimedia, maps, and narrative-based learning. Interactive maps and exercises, like those in an ESRI Story Map, are engaging and encourage self-guided exploration of realworld data and models, potentially at the global scale (Ramasundaram et al., 2005) . There is also the opportunity for global access to ESRI Story Maps over the internet. The cloud-GIS infrastructure and Web AppBuilder within ArcGIS Online make ESRI Story Maps easy to develop for targeted learning objectives. User content sharing within ArcGIS Online can allow educators to utilize publicly available webmaps from other users in ESRI Story Maps. There are also numerous online, open-source support material (e.g., blogs or videos) for self-help in developing ESRI Story Maps. The ESRI Story Maps are also usable on desktop, laptop, tablet, and smart phone devices. The primary disadvantages of using ESRI Story Maps for soil science education are expenses for license, data storage, server space, and credits for spatial analysis, although many of the capabilities and data can be accessed and used with a free license (Battersby and Remington, 2013) . Educators may also require custom spatial data that are not available through ArcGIS Online or community of users, meaning there may be time and financial costs associated with collecting field data for use in ESRI Story Maps.
concluSionS
This study described the development and evaluation of an ESRI Story Map for teaching "Soil Forming Factors: Topography." Students accessed the ESRI Story Map on the internet, and then self-navigated through the teaching module on desktop and laptop computers and smart phones. Student evaluation of the ESRI Story Map were positive, and broadly indicated that students prefer the ESRI Story Map as either a stand-alone teaching module or as supplement to PowerPoint slides. Teaching soil science with ESRI Story Maps has both advantages and disadvantages. The ESRI Story Maps cannot replace text books, field trips, or laboratory exercises, but they provide an augmented reality teaching experience that may improve learning of spatially related soil science concepts. The ESRI Story Maps also offer the added advantages of interactivity, global access, and use on multiple devices. Teaching with ESRI Story Maps has significant potential for education in soil science and other environmental disciplines. Table 6 . Students' responses to assessment questions about ESRI Story Map "Soil Forming Factors: Topography" (fall 2017; total number of participants = 58) based on the five principles of effective storytelling (ESRI, 2017 Table 7 . Students' responses to additional survey questions (n = 58).
Survey question Responses
How would you rate lecture PowerPoint slides on soil forming factors (topography)?
(1 = poor, 3 = average, 5 = excellent) 
